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* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to a semiconductor device, especially 
semiconductor devices, such as a thin film transistor which has the memory effect which 
used the ferroelectric. 
[0002] 

[Description of the Prior Art]It is known that a ferroelectric material has a hysteresis 
characteristic. A device with a memory effect can be created using this hysteresis 
characteristic. The semiconductor device which used the ferroelectric various type 
conventionally is proposed. The device which used for the U.S. Pat. No. 3,832,700 item 
the field effect transistor using the ferroelectric membrane formed on the semiconductor 
substrate as gate dielectric film is indicated. This field effect transistor can control the 
electric conduction characteristic of the semiconductor surface of the lower part of 
ferroelectric membrane by polarization charge of ferroelectric membrane, and can 
memorize information with it. 

[0003]In the U.S. Pat. No. 4,873,664 item, the storage device which used the ferroelectric 
capacitor for the storage cell is indicated. A storage cell comprises combination of a 
ferroelectric capacitor and the transistor for selection as shown in drawing 3 of pp.2 of 
said patent. The typical section structure of the storage cell is indicated to drawing 2 in 
pp.850 of IEDM'87 - 851. A ferroelectric capacitor is arranged via an insulator layer on 
the substrate in which the transistor was formed. By the case where direction of the 
polarity of a pulse and the remanence of a ferroelectric will differ and polarization 
inversion will happen if a Mas akata- oriented read pulse is added to a ferroelectric 
capacitor, and the case where direction of a pulse and a remanence is the same and 
polarization inversion does not happen. The charge quantity which flows from a capacitor 
differs and information can be read by detecting this difference. 
[0004]For the PCT patent WO 91/No. 06121, the storage device using the variable 
resistive element in which semiconductor membrane was formed on ferroelectric 
membrane is indicated. A variable resistive element is formed in order of a lower 
electrode, ferroelectric membrane, and semiconductor membrane on a substrate, as 
shown in drawing 3 in drawing pp. 2/5 of said patent, and it is constituted by setting and 
arranging two electrodes for an interval on the semiconductor membrane. By controlling 
direction of the remanence of ferroelectric membrane, the conductivity of semiconductor 
membrane can be controlled and information can be read in two inter-electrode resistance 



on semiconductor membrane. 
[0005] 

[Problem(s) to be Solved by the Invention]Thus, the type thing with various 
semiconductor devices using ferroelectric membrane is proposed. However, there are 
merits and demerits in the semiconductor device of these former, respectively, and it has 
a problem. In the case of a field effect transistor given in said U.S. Pat. No. 3,832,700 
item, there are problems, like it is difficult to form quality ferroelectric membrane on a 
semiconductor substrate, and a film with sufficient ferroelectric property is not obtained, 
or many defects arise in a ferroelectric / semiconductor substrate interface. The 
mismatching of the crystalline lattice of a ferroelectric and a semiconductor, the counter 
diffusion of each composing element, etc. are the causes. The defect of an interface has 
an adverse effect on the characteristic as a device — memory holding time becomes short. 
In order to solve these problems, methods, such as providing a buffer layer in a 
ferroelectric / semiconductor substrate interface, are tried, but the device with high 
reliability with which practical use is presented is not manufactured. In a ferroelectric 
film formation process, the material which is not used is used for the usual semiconductor 
process, and a heat treatment process is included. In this type of device structure, since 
ferroelectric membrane is formed immediately on a semiconductor substrate, it is easy to 
diffuse the composing element of a ferroelectric in the integrated circuit device in a 
semiconductor substrate, and it also becomes a problem to do damage to an integrated 
circuit device. 

[0006]Such a problem is solved to some extent with the device using a ferroelectric 
capacitor. In drawing 2 in pp.850 of said IEDM'87 - 851, a ferroelectric capacitor is 
separated and arranged with the integrated circuit device and insulator layer which were 
formed on the semiconductor substrate. Therefore, the damage done to the integrated 
circuit device on a substrate with a ferroelectric film formation process can be 
suppressed. Ferroelectric membrane is formed on the electrode of metal or a conductive 
oxide. It is easy to obtain quality ferroelectric membrane by choosing an electrode 
material carefully rather than forming directly on a semiconductor substrate. 
[0007]However, the read method of a memory content is what is called a destructive- 
reading method that destroys the information on a memory cell once, and this type of 
unvolatilized memory device has problems, like read-out cycle time requires a long time. 
In the case of the device structure of a said PCT patent [ WO 91/No. 06121 ] statement, 
by drawing 3 in drawing pp. 2/5 of the patent, the ferroelectric variable resistive element 
is directly arranged on a substrate, but even if the substrate was constitutionally protected 
with the insulator layer and also [ device ] it arranges a ferroelectric variable resistive 
element, it is satisfactory in any way. If such a layout is used, damage to the integrated 
circuit on the semiconductor substrate in a ferroelectric film formation process can be 
suppressed like what uses a ferroelectric capacitor. However, in this invention, material 
which is different with ferroelectric membrane and semiconductor membrane is used. 
Therefore, in a ferroelectric/semiconductor interface, it is easy to produce the defect of a 
large number by diffusion of each composing element, the mismatching of a crystalline 
lattice, etc. Therefore, a device with stability high like the case of said U.S. Pat. No. 
3,832,700 item - memory holding time becomes short — is not obtained. 
[0008]Thus, there was nothing that is satisfied with the semiconductor device using the 
ferroelectric by which the conventional proposal is made of all, such as the ease of 



integration with an integrated circuit, nondestructive readout, and stability of operation. 
An object of this invention is to provide the semiconductor device using a ferroelectric 
new type with which the above-mentioned problem was canceled to such conventional 
technology. That is, the purpose of this invention is to provide the semiconductor device 
using the ferroelectric in which integration with the integrated circuit on a semiconductor 
substrate is easy, nondestructive readout is possible, and stable operation is possible. 
[0009] 

[Means for Solving the Problem] A gate electrode in which a semiconductor device of this 
invention is formed in contact with the 1st surface of ferroelectric membrane and said 
ferroelectric membrane, The 2nd surface of said ferroelectric membrane is 
semiconductor- ized in a semiconductor device provided with two the sauce/drain 
electrodes which set an interval and are provided in contact with the 2nd surface of said 
ferroelectric membrane. 

[0010]By a remanence of a ferroelectricity field, when a depletion layer and an 
accumulation layer produce all over a semiconductance field, the conductivity of a 
semiconductance field can change and it can read as a sauce drain inter-electrode 
resistance change. Write-in operation of information, i.e., polarization inversion of a 
ferroelectric, is performed by impressing voltage between a gate electrode and a 
semiconductance field. A semiconductor device shown as solution with another this 
invention, In a semiconductor device provided with ferroelectric membrane, a gate 
electrode provided in contact with the 1st surface of said ferroelectric membrane, and two 
the sauces/drain electrodes which set an interval and are provided in contact with the 2nd 
surface of said ferroelectric membrane, The sauce/drain area which is in contact with the 
sauce/drain electrode of the 2nd surface of said ferroelectric membrane are 
semiconductor- ized by a p type or n type conductivity type, The 2nd surface of 
ferroelectric membrane pinched by said sauce/drain area is characterized by being the 
channel regions semiconductor- ized by different conductivity type from the 
aforementioned sauce/drain area. 

[001 l]If an inversion layer arises all over channel regions by a remanence of a 
ferroelectricity field, the source region and a drain area will electrically be connected by 
this inversion layer. Therefore, direction of a remanence of a ferroelectricity field can be 
distinguished by whether current flows into sauce drain inter-electrode. Write-in 
operation of information, i.e., polarization inversion of a ferroelectric, is performed by 
impressing voltage between a gate electrode and channel regions. 
[0012]Reading of information becomes easier although structure of an element becomes 
complicated compared with a case where a semiconductance field of one kind of 
conductivity type described previously is used, with this composition. What is necessary 
is just to use two composition properly with a utilization object. In any case, it is 
characterized by the surface using semiconductor- ized ferroelectric membrane. By 
constituting a ferroelectricity field and a semiconductance field from an identical 
material, substance diffusion does not take place between a ferroelectricity field and a 
semiconductance field. By using what semiconductor- ized the surface of ferroelectric 
membrane, there is no discontinuity of a crystalline lattice in an interface of a 
ferroelectricity field / semiconductance field, and an interface with few defects is 
acquired. 

[0013]Si, GaAs, glass, sapphire, etc. can be used as a substrate. When using Si and GaAs, 



it is preferred to form insulator layers, such as SiC>2 and SiN x , on a substrate. As a gate 
electrode, oxidation-resistant conductive materials, such as Pt, Ir, and RuC>2, are 
preferred, for example. Between an electrode and a substrate, in order to improve 
adhesion with a substratum substrate, Ti, Ta, and its nitride may be provided as an 
adhesion layer. 

[00 14] As for a ferroelectric, material of 4.5 eV or less has a preferred band gap, for 
example, PbZrTiCh, BiTiOn, and GaGeTe are used. Semiconductor-ization will become 
difficult if a band gap becomes large more. More than 0.1microC/cm 2 is [ remanence of a 
ferroelectric ] needed. A memory effect does not show up in less than this. A remanence 
of PbZrTiCh, BiTiOi2, and GaGeTe has sufficient remanence for severalmicroC/cm 2 - 
those with number lOmuC/cm , and a memory to be shown. 

[0015]As for thickness of ferroelectric membrane, not less than 20 nm 800 nm or less is 
preferred. In 20 nm or less, it is easy to carry out a dielectric breakdown, and surface 
partial semiconductor-ization becomes difficult in the case of semiconductor-izing. 
Voltage which not less than 800 nm takes in order to carry out polarization inversion 
becomes high too much. As for a field which semiconductor-ized a ferroelectric, it is 
preferred that carrier concentration is the range of 10 15 m" 3 to 10 27 m" 3 . If carrier 
concentration becomes below 10 15 m" 3 , conductivity of a semiconductance field will 
become low and working speed of a device will become slow. Change of the conductivity 
of a semiconductance field according [ carrier concentration ] to polarization change of a 
ferroelectricity field in more than 10 27 m" 3 becomes small too much. 
[0016]Thickness of a semiconductance field is usually about 1/40 of thickness of a 
ferroelectric - 1/2, and not less than 10 nm their 350 nm or less is preferred. In 10 nm or 
less, resistance of a semiconductance field will become high. In not less than 350 nm, a 
rate of thickness of the whole semiconductance field over thickness of an accumulation 
layer produced to a semiconductance field according to polarization of a ferroelectricity 
field or a depletion layer will become large too much, and a resistance change of a 
semiconductance field will become small. 

[0017]Sauce/drain electrode has aluminum, Pt, Ir, TiN, TiW, preferred TaN, etc. As for a 
sauce drain inter-electrode interval, 100 micrometers or less are preferred. In not less than 
100 micrometers, size of an element becomes large too much, and resistance between 
sauce drains becomes high too much, and signal delay poses a problem. A protective film 
may be provided on sauce/drain electrode. A protective film is an insulating material and 
can use plasma Si0 2 and SiN x . SOG, PSG, BPSG, etc. may be sufficient. A contact hole 
is formed in this protective film, and contact between a ferroelectric element and other 
integrated circuit devices is taken. Contact has aluminum, Cu, W, preferred P dope poly 
Si, etc. 

[0018]Then, a desirable manufacturing method of such a semiconductor device is 
explained. A process of forming a gate electrode on a film by which a desirable 
manufacturing method of a semiconductor device of this invention was formed on a 
substrate or a substrate, It has a process of forming ferroelectric membrane on said gate 
electrode, a process of semiconductor-izing the surface of said ferroelectric membrane 
and forming a semiconductance field in some ferroelectric membrane, and the process of 
setting an interval and forming sauce/drain electrode on said semiconductance field. 
[00 19] A desirable manufacturing method of a semiconductor device shown as solution 
with another this invention, A process of forming a gate electrode on a film formed on a 



substrate or a substrate, A process of forming into half-** two fields which set a process 
of forming ferroelectric membrane on said gate electrode, and an interval of the surface 
of said ferroelectric membrane to a p type or a n type conductivity type, and forming 
sauce/drain area, It has a process of forming into half-** a field inserted into said 
sauce/drain area of the surface of said ferroelectric membrane to a different conductivity 
type from said sauce/drain area, and forming channel regions, and the process of forming 
sauce/drain electrode on said sauce/drain area, respectively. 

[0020]In any case, it is characterized by having the process of semiconductor-izing the 
surface of ferroelectric membrane. When ferroelectric membrane and semiconductor 
membrane are formed by a separated process, it is difficult to form good 
ferroelectric/semiconductor interface. If the surface of ferroelectric membrane is 
semiconductor-ized and some ferroelectric membrane is made into a semiconductance 
field, there will be no discontinuity of a crystalline lattice and a good interface with few 
defects will be acquired. 

[0021]The aforementioned manufacturing method is explained in more detail. A gate 
electrode is formed on an insulator layer formed on such a substrate or a substrate. When 
a ferroelectric formed later is an oxide, oxidation-resistant conductive material of a gate 
electrode is preferred. For example, Pt, Ir, RuC>2, etc. are preferred. When using Pt, in 
order to improve adhesion with a substratum substrate further, it is preferred to form Ti, 
Ta, and its nitride beforehand as an adhesion layer. Ion milling may be begun as an 
etching method of an electrode, and wet etching by plasma etching, HF, etc., etc. may be 
sufficient. 

[0022]Ferroelectric membrane is formed on this gate electrode. The formation method of 
ferroelectric membrane can use the sol-gel method, sputtering process, a CVD method, a 
laser ablation method, etc. Then, the surface opposite to the substrate side of ferroelectric 
membrane is semiconductor-ized. As for a method of semiconductor-izing a ferroelectric, 
what is depended on an impurity diffusion method is preferred. For example, in 
PbZrTiC>3, it can be made a semiconductor of n type conductivity by diffusing Ta, Bi, La, 
Ce, Pr, Nd, Sm, etc. as an impurity. Fe, K, Na, Sc, etc. are used for p type conductivity as 
an impurity for semiconductor-izing. 

[0023] Although-izing can be carried out [ semiconductor ] also by introducing an oxygen 
deficiency at some perovskite type oxides, control of the amount of defects is difficult, 
and tends to receive subsequent electrode formation and influence of a protection film 
formation process. If an element which constitutes a ferroelectric from the first, and an 
element in which valences differ are semiconductor-ized by a valency control method 
diffused as an impurity, carrier concentration is controllable with sufficient 
reproducibility. An ion implantation method which drives in ion which ferroelectric 
membrane is made to diffuse as an impurity with high energy, a method of applying an 
organometallic solution to the surface and carrying out thermal diffusion, etc. are used for 
a method of semiconductor-izing. 

[0024] On ferroelectric membrane which semiconductor-ized the surface, an interval is set 
and sauce/drain electrode is formed by a publicly known method. Besides, a protective 
film may be provided. A contact hole is formed in a protective film and contact between 
a ferroelectric element and other integrated circuit devices is taken. 
[0025] 

[Function]The surface uses the semiconductor-ized ferroelectric membrane and 



constitutes a ferroelectricity field and a semiconductance field from this invention with an 
identical material. 

Therefore, substance diffusion does not take place between a ferroelectricity field and a 
semiconductance field, but there is no discontinuity of a crystalline lattice in the interface 
of a ferroelectricity field / semiconductance field, and an interface with few defects is 
acquired. 

Therefore, the trap of the career is not carried out to the defect of an interface, and it can 
be made to operate stably. It is not necessary to form ferroelectric membrane directly on a 
substrate, and damage is not done to the integrated circuit device formed on the substrate. 
The memorized information can be read by un-destroying. 

[0026]Use of the semiconductor device of this invention is possible as a storage device 
using the memory effect of a ferroelectric. Otherwise, the use as a driver element of a 
liquid crystal display device is possible. What is necessary is to always have impressed 
gate voltage to the transistor made into the ON state, in order to maintain the display of a 
pixel when the conventional thin film transistor was used, but to impress voltage to a gate 
with the element of this invention, using a memory effect, only when using an ON state. 
[0027] 

[Example] Hereafter, based on an accompanying drawing, the example of the 

semiconductor device of this invention is described in detail. 

[0028] 

[Work example 1] Drawing 1 is a sectional view of the basic element of the 
semiconductor device of the 1st example of this invention. On both sides of the insulator 
layer 12, the gate electrode 13 is formed on the semiconductor substrate 11. The 
ferroelectric membrane 14 is formed on the electrode, and the upper side surface has 
become the semiconductor-ized semiconductance field 15. On the ferroelectric 
membrane, an interval is set and sauce / drain electrode 16 is arranged. This element is 
protected by the insulating protective film 17, and each electrode is electrically connected 
with other circuit elements on a substrate by the contact 18. 
[0029]Then, the manufacturing process of the above-mentioned basic element is 
explained. Drawing 14 shows the outline of the manufacturing process from drawing 3 . 
First, the 300-nm-thick Si02 film 12 was formed with plasma CVD method on Si 
substrate 1 1 in which the integrated circuit was formed like drawing 3 . Then, after 
forming 50 nm- thick Ti21 by a sputtering technique on a Si02 film, the 200-nm- thick Pt 
electrode 22 was formed. This Pt/Ti electrode was etched by ion milling, and 
predetermined shape was processed like drawing 4 . 

[0030]Then, ferroelectric membrane PbZrTi03(Zr/Ti ratios 50/50) 14 was formed by the 
sol-gel method like drawing 5. The sol-gel method was a thin-film-forming method 
which uses an organic metal as a raw material, it carried out spin coating of the raw 
material solution which mixed the acetic acid Pb, Zr methoxy ethoxide, and Ti methoxy 
ethoxide in methoxy ethanol on the substrate, heat-treated it at 600 **, and formed the 
PbZrTi0 3 thin film. 

[0031]Then, Nb(OC 2 H 5 ) 5 solution is applied on a PbZrTi0 3 thin film, By heat-treating at 
700 **, Nb was diffused from the upper side surface of PbZrTiOs, the surface of 
PbZrTi03 was semiconductor-ized to n type conductivity, and the semiconductance field 
15 was formed like drawing 6. Then, like drawin g 7 , after carrying out etching removal 
of the garbage of PbZrTi0 3 , TiN was processed into formation and predetermined shape 



on PbZrTi03 like drawing 8 , and the sauce / drain electrode 16 which has set and 
arranged the interval were created. 

[0032]Then, plasma SiN x 17 was formed in the substrate face like drawing 9 , and the 
element was protected. Finally, the contact hole was formed in the protective film like 
drawing 10, the weld slag of the aluminum was carried out, the contact 18 between 
elements was taken, and it connected with other integrated circuit devices. Now, in order 
to compare with the element (it is described as the element A below) created in this way, 
the element B was created by conventional technology. Hereafter, the preparation method 
of the element B is explained. 

[0033]The Pt/Ti gate electrode was formed on the Si substrate which formed the SiC>2 
film like the element A, and PbZrTi03 was formed on it. Next, 60 nm of L12O3 thin films 
were formed by sputtering process on PbZrTi03. TiN was processed into formation and 
predetermined shape on the In 2 C>3 thin film, and sauce/drain electrode was created. Then, 
the plasma SiN x protective film was formed in the substrate face like the case of the 
element A, the element was protected, the contact hole was formed in the protective film, 
the weld slag of the aluminum was carried out, contact between elements was taken, and 
it connected with other integrated circuit devices. 

[0034]Now, sauce drain inter-electrode resistance was measured about the element A and 
the element B. Resistance sauce drain inter-electrode [ 0 ] in the voltage which both 
impress to a gate electrode took two values by direction of the remanence of a 
ferroelectricity field. Immediately after the ratio of the resistance carried out polarization 
inversion of the ferroelectricity field, the element A was 109:1 and the element B was 
34:1. When it was neglected without applying voltage to a gate electrode and aging was 
investigated about each of a high resistance state and a low resistance state, as for the 
element A, the element B changed like drawing 18 like drawing 17 . The logarithm of 
resistance and the logarithm of time had a straight-line relation in both cases, and ten 
years after being obtained by extrapolating the experimental value of drawing 17 , the 
resistance ratio of the high resistance state and low resistance state after an abbreviation 
3x10 8 second was set to about 23:1. The difference between these two resistance can be 
identified in an easy discrimination decision circuit, ten years or more of hold stores were 
possible for the element A, and it turned out that it has high stability. On the other hand, 
when the experimental value of dra wing 18 was extrapolated in the case of the element B, 
after the abbreviation 6x10 7 second, both value became almost equal and became 
discernment impossible. This result shows that the direction of the element A which is an 
example of this invention has high stability to the element B created by conventional 
technology. 
[0035] 

[Work example 21 Drawing 2 is a sectional view of the basic element of the 
semiconductor device of the 2nd example of this invention. On both sides of the insulator 
layer 12, the gate electrode 13 is formed on the semiconductor substrate 11. The 
ferroelectric membrane 14 is formed on the gate electrode. The upper side surfaces of the 
ferroelectric membrane located on the gate electrode 13 are the channel regions 19 
semiconductor- ized by the p type or the n type conductivity type. The sauce / drain area 
20 semiconductor-ized by conductivity type which is different from channel regions in 
the position which faces across the channel regions 19 of the upper side surface of 
ferroelectric membrane are formed. Sauce / drain electrode 16 is arranged on its sauce / 



drain area 20. This element is protected by the insulating protective film 17, and each 
electrode is electrically connected with other circuit elements on a substrate by the 
contact 18. 

[0036]Then, the manufacturing process of the above-mentioned basic element is 
explained. Drawing 16 shows the outline of the manufacturing process of the 
semiconductor device according to claim 2 from drawing 11 . First, like the case of 
Example 1, as shown in drawing 1 1 , a SiC>2 film is formed on the Si substrate in which 
the integrated circuit was formed, and then, a Pt/Ti electrode is formed. And the 
PbZrTiCh thin film was formed like drawing 12 . 

[0037]Into then, the portion located on a Pt/Ti electrode on the surface of a PbZrTiC>3 thin 
film. Nb(OC2Hs) 5 solution was applied, by heat-treating at 700 **, Nb was diffused from 
the upper side surface of PbZrTiC>3, the surface of PbZrTiC>3 was semiconductor- ized to n 
type conductivity, and the channel regions 19 were formed. As shown in drawing 13, 
aluminum(OC3H 7 ) 3 solution was applied to the field which faces across channel regions, 
by heat-treating at 700 **, aluminum was diffused, it semiconductor-ized to p type 
conductivity, and sauce / drain area 20 was formed. 

[0038]Then, like drawing 14 , after carrying out etching removal of the garbage of 
PbZrTiCh, the TiN electrode 16 was formed on sauce/drain area. Then, plasma SiNx 17 
was formed in the substrate face like drawing 15 , and the element was protected. Finally, 
the contact hole was formed in the protective film like drawing 16 , the weld slag of the 
Al electrode was carried out, the contact 18 between elements was taken, and it 
connected with other integrated circuit devices. 

[0039]Now, change of the drain current (current Ids which flows when the voltage of IV 
is impressed to sauce drain inter-electrode) by gate voltage (voltage V g impressed to a 
gate electrode) was measured about one of the elements created in this way. As a result, it 
turned out that this thin film transistor has a hysteresis as shown in drawing 19 , and it has 
a memory characteristic. By V g =0V, it has an ON state into which drain current flows, 
and two states of an OFF state where it hardly flows. Discernment of an ON state and an 
OFF state can be performed easily. Next, aging of drain current was investigated about 
each of the ON state and OFF state at the time of V g =0V. Change was not seen about the 
OFF state. About the ON state, the logarithm of drain conductance and the logarithm of 
time showed straight- line relations, and when the experimental value was extrapolated, 
the drain conductance of ten years after became 30% of initial values. Ten years or more 
of hold stores were possible for this element, and it turned out that it has high stability. 
[0040] 

[Effect of the Invention] According to this invention, a device with nondestructive readout 
integration of a ferroelectric element and a semiconductor device is easy, and possible 
and high reliability which operates stably can be provided as explained in full detail 
above. 



[Translation done.] 



